Summary. The inter-relation between hypertriglyceridaemia and glucose intolerance has been studied experimentally in fifteen male subjects by measuring the effect of acute elevation of plasma triglyeeride (injection of Intralipid intravenously) upon oral glucose tolerance. The induced hypertriglyeeridaemia did not alter the mean blood glucose or plasma insulin response to oral glucose.
There is a complex relationship between glucose and insulin metabolism on the one hand and triglyceride metabolism on the other. Plasma triglyceride levels are commonly raised in diabetes [5] and there is a high frequency of glucose intolerance in individuals found with elevated levels of very low density lipoprotein ("prebeta" lipoprotein) [11] . In an earlier study of a sample of a normal working population [6, 1] we found that the fasting plasma triglyceride level correlated very strongly with the blood sugar response in an oral glucose tolerance test; its correlation with plasma insulin response was of a lower order. The simplest explanation of this relationship between triglyceride levels and glucose tolerance, suggested by Albrink and Davidson (1966) , is that circulating triglyeeride in some way directly affects the metabolism of the glucose load. The present investigation was planned to test this hypothesis.
Material and Methods
The subjects studied were 15 male hospital in-patients with minor conditions not overtly affecting metabolism. Their mean age was 444-4.34 S.E.M. years and mean weight 70.3 4-2.96 kg. They received a full hospital in-patient diet containing at least 250 g carbohydrate daily. The following procedures were performed in random order in the morning after an overnight fast of 14 h:
1. A standard two-hour 50 g oral glucose tolerance test (OGTT).
2. An identical two-hour 50 g oral glucose tolerance test with 10% Intralipid (special experimental batch No. 199523). 1 ml/kg body weight was administered intravenously over two minutes as the glucose load was drunk (ILOGTT).
3. Intravenous Intralipid (10%), 1 ml/kg body weight, administered by itself over two minutes (IL) .
Venous blood samples were obtained from an indwelling catheter in an antecubital vein before and at intervals of five minutes after the glucose and/or Intralipid load for one hour, thereafter at 90 and 120 min. The three tests were performed at intervals of four to seven days. Blood sugar was measured by the ferricyanide reduction micro method (Technicon method N-9a) on an Auto Analyser, and plasma immunoreactive insulin by a double antibody method using the Amersham kit. The intravenous lipid tolerance test is that described by Lewis et al. (1972) in which plasma Intralipid triglyceride is measured by nephelometry, using plasma diluted to 1/50 with 0.9~o saline.
Results
The mean blood sugar values in the three tests are shown in Table 1 . There is a very small difference in the ascending limb of the glucose response with and without Intralipid. However, the mean fasting blood sugar levels differed slightly on the two occasions, so the results have been expressed as percentage changes from fasting levels (see Fig. 1 ). Treated in this way the differences between the two blood sugar curves are insignificant. There was no significant effect of Intralipid upon fasting blood sugar levels (Table 1) .
Mean insulin levels in the three tests are shown in Table 2 . The insulin responses to glucose, with and without Intralipid, are almost superposable. There was equally little effect of glucose ingestion on Intralipid disposal. The calculated half time of disappearance of the Intralipid glyceride was 16.9 4-1.2 rain when glucose was given and 16.2 4-1.9 rain when it was not (Fig. 2) .
Discussion
There is clearly remarkably little direct effect of a large rise of circulating triglyceride upon oral glucose tolerance or of oral glucose upon the triglyceride re-moral rate. The lack of effec~ upon blood sugar levels is in apparent conflict with the findings of Felber and Vannotti (1964). In their study, however, the Intralipid was administered by infusion for two hours before the glucose load and continued during the three hours of the test. The lipid infusion was accompanied by elevation of free fatty acid (FFA) levels and this, rather than the hypertriglyceridaemia, may have been responsible for the observed impairment of glucose tolerance. In our study, any rise in FFA levels would presumably have been too late to affect the disposal of the ingested glucose. but small, increase of plasma insulin at the start of an Intralipid infusion into subjects already being infused with glucose. In the first situation [9] the probable effects of the raised FFA level must be considered in the explanation. In the second situation [14] , the infusion of Intralipid was started when insulin levels were already elevated by the glucose infusion.
The explanation of the observed link between hypertriglyceridaemia and glucose intolerance would seem, on the basis of our findings, unlikely to be due to a simple, direct effect of circulating triglyccride upon the disposal of glucose. However, it might be argued that the experimentally induced hypertriglyceridaemia (giving a mean peak plasma concentration of 135 rag/ 100 ml above the fasting level) was in some way inadequate to achieve such an effect. For example, the raised level of endogenous plasma triglyceride associated with glucose intolerance is usually in the form of very low density lipoprotein particles, whereas Intralipid is in the form of the larger, ehylomicron-like particles. Glucose intolerance is not a feature of the uncommon hyperlipidaemia eharacterised by hyperehylomicronaemia ("clearing factor deficiency", "Type 1" of l~rederiekson et al. (1967) ). Furthermore, a peak of hypertriglyceridaemia, provoked by intravenous bolus injection, might not exert the same metabolic effects on carbohydrate metabolism as exposure to longer-lasting though lower levels. Unfortunately, long infusions of Intralipid introduce the confounding factor of a progressively rising concentration of FFA, which itself will provoke glucose intolerance [15] .
Suggestive though less direct evidence that glucose intolerance is not a direct effect of hypertriglyeeridaemia may be adduced from other studies. Bagdade et al. (1971) reported that clofibrate lowered endogenous triglyceride levels by almost 50%, but had no effect on basal glucose or insulin concentrations. Further, the same group showed that the aggravation of hyperlipidaemia with high dietary carbohydrate intake (85% of calories) was accompanied not by deterioration but by significant improvement in oral glucose tolerance [7] . Similarly, Owen et al. (1971) induced varying rises of plasma triglyceride levels with an 85% carbohydrate diet and were ur~able to show any correlated change in glucose tolerance, though changes in insulin levels showed some relationship. The Seattle group are more inclined to attribute the glucose intolerance and hyperinsulinaemia of hypertriglyceridaemia to the frequently associated obesity, a conclusion endorsed by Berchtold, Bjorntorp et al. (1972) from direct study of fat cell size in men after myocardial infarction. However, the findings of Wilson et al. (1971) suggest that reduction of plasma lipids by increased polyunsaturated dietary fatty acids is accompanied by improvement in glucose tolerance; despite unrestricted carbohydrate kntake and a mean weight loss of less than 1%.
The weight of evidence at present therefore suggests that although glucose tolerance and glyceridaemia are often closely associated the link is not one of cause and effect but that both are the linked consequence of some independent causal factor or factors.
